. The lower end of the strip was clamped to a rigid plastic block at the base of the bath. The upper end was attached by a short length of 000 braided surgical silk to a Grass FT .03 force gauge mounted on a rack-andpinion enabling the muscle to be stretched to any desired length and held isometrically.
Force-velocity studies. The trachealis strips were mounted as previously described (14). The lower end of the muscle was attached to a Grass force gauge by a short length of 000 surgical silk that passed through a mercury seal at the bottom of the bath. The upper end was attached to an isotonic magnesium alloy level having a lever-arm ratio of 20: 1. The afterload stop was then set to maintain the muscle at that length (Lo) at which maximum isometric tetanic tension (PO) could be elicited. A Sanborn 7DCDT displacement gauge was used to register length displacement. The compliance of the connections and the gauges was negligible over the range of stresses imposed on the muscles in these studies.
For Isometric studies. Figure L4 shows the effect of respiratory acidosis on P, developed by trachealis strips that were tetanized every 5 min. Maximum tetanic tension is expressed as a percent of the maximum tension developed under control conditions and is plotted against time, where in the 2nd h the test strips were subjected to respiratory acidosis and allowed to recover in the 3rd h. Upon the institution of respiratory acidosis, maximum tetanic tension was found to begin decreasing 2 or 3 tetanuses later. A steady state for this reduced P, was reached 30-4-O min later. Once a steady state was reached, P, was calculated by averagin, u the next three tetanic contractions.
Normocapnia was then reinstated for the final recovery hour. A statistically significant decrease in P, of 15.9 % & 1.97 (mean XIX SE) from a mean P, of 10.45 g was observed during acidosis. Figure  1B shows that the maximum rate of tension development (dP/dt), as determined by graphical analysis, was also significantly reduced during acidosis by 20.5 % rfi 4.2 from a mean control value of 1.62 g/s. The time it took the TSM strips to attain P, (tp,) during acido- sis was significantly reduced by 14.6 % =t 2.07 from a mean control value of 12.0 s: as shown in Fig. 1C . The pararneters (PO, dP/dt, and tp,) all recovered completely upon return to control conditions. The magnitude of P, developed by an active muscle depends on the rate at which energy-liberating reactions occur (an index of which could be dP/dt) and the time over which these reactions proceed (tp,>. In terms of this model and in a simplistic approach, PO may be reduced by either: 1) a decrease in dP/dt with no change in tpo; 2) a decrease in tpo with no change in dP/dt; or 3) a reduction in both parameters, as in this study. Analyzed by a method akin to that used by Buccino et al. (3) , these results indicate that the rate of energy utilization (as indicated by a reduced dP/dt) is reduced under respiratory acidosis. The reduced tpo suggests that the duration of the active state of the muscle is reduced by respiratory acidosis. Since measurements of P, do not provide an index of the total energy expended by the muscle during a particular tetanus, tension-time integrals (TTI) were measured by determining the area under the tetanus curve from the onset of contraction to the point of attainment of P, (5, 8, 9) . A second reason for carrying out this analysis was that, if this parameter could be applied to smooth muscle, the TTI might serve as an index of the stable component of the maintenance energy rate of TSM strips in a given contraction (5, 10). Figure 2 shows the effect of respiratory acidosis on the TTI of TSM strips expressed as a percent of the TTI measured in paired control muscles. A completely reversible but significant decrease of 24.1 % & 2.3 was observed in acidotic muscles.
In another series of experiments, trachealis strips were tonically contracted by a supramaximal dose of acetylcholine (0.554 MM). The maximum isometric tension elicited by the drug (termed PO) remained constant throughout the duration of the experiments in the control strips. P, and TTI were measured during normocapnia and respiratory acidosis. Figure 3 shows that a 30.4 % -_t 3.5 decrease in P, from a mean control value of 16.30 g was observed during acidosis. An identical change in TTI also occurred. These effects were fully reversible. Figure 4 shows the relation during respiratory acidosis for TTI (mean % values of their representative controls) in TSM strips stimulated at hourly, 5-min, and 0-min intervals, the last being obtained by constant stimulation with acetylcholine.
It can be seen from this graph that the more the trachealis strips undergo contractile activity, the more susceptible they are to the effects of respiratory acidosis. ments in the preparation.
To determine whether the effects of acidosis were myogenic or neural, trachealis strips were mounted in a bath containing a high-K+ solution and atropine, lo+ g/ml. Tension was developed and held constant (mean = 9.6 g) until respiratory acidosis was introduced (Fig. 5) . A 13.2 % =t 3.2 decrease was observed that was statistically significant and totally reversible, which demonstrates that respiratory acidosis is probably affecting the muscle directly.
Force-velocity studies. Hill (6) and Woledge (18), working with frog sartorius and tortoise muscle, respectively, have pointed out that the steady component of maintenance heat rate is "at least approximately equal" to the product of the a and b constants of Hill's force-velocitv eauation
where P represents load, V the velocity of shortening, P, the maximum load that the muscle is just unable to move, a a constant with units of force, and b a constant with units of velocity. Force-velocity experiments therefore were carried out to confirm the conclusion we arrived at on the basis of our analysis of TTI (viz., that maintenance energy rate was reduced in respiratory acidosis) and to obtain a further insight into the mechanism by which acidosis manifests itself in TSM. Figure 6 shows the results from a typical experiment. Force-velocity curves, elicited under control and acidotic conditions, were hyperbolic and their linear transformations
yielded straight lines. Both PO and V,,,,, are significantly reduced in acidosis. An increase in the curvature of the force-velocity relation is also observed. From the slopes and intercepts the values of a and b were calculated, which in turn were used to calculate ab and V,,, since V,,, equals (P&/a. Table  1 These changes are statistically significant. PO and Las were also significantly reduced during acidosis, according to paired t tests.
According
to Hill and Woledge, the product of the a and b constants (ab) is an index of the stable component of maintenance energy rate in some muscles. Respiratory acidosis produced a 48.0 % =t 10.6 reduction in this parameter in TSM also. This was statistically significant and confirmed the results of our isometric studies. All changes observed in the parameters studied were fully reversible. The increased curvature of the force-velocity relation for acidotic muscles suggested a reduction in the constant a/P,. This parameter was significantly reduced by 2 1.8 % & 9.5, indicating that an increased curvature was occurring.
DISCUSSION
Our interpretation of the mechanical properties of tracheal smooth muscle assumes that the molecular mechanism of contraction of this muscle is qualitatively similar to that of skeletal muscle and that methods of mathematical analyses of skeletal muscle mechanics can be applied to smooth muscle as well. While we realize that electronmicroscopic and X-ray diffraction data have only implicated the existence of discrete, ordered myosin filaments in mammalian smooth muscle, there does exist a strong qualitative similarity between their stimulus-response (15) length-tension, and force-velocity relationships (13), which would suggest our assumption is reasonable. The changes in P, observed with altered gas concentrations can probably be explained by some alteration in the operation of the contractile mechanism. Analysis of the isometric tetanic tension data reveals that the reduction in P, is associated with reductions in both dP/dt and tp, during respiratory acidosis. The reduction in dP/dt (which corresponds to a reduction in the intensity of the active state) indicates that the rate of cycling of force-generating sites (ATP hydrolysis) is being impaired (3, 11). The reduction in tp, could result from an increase in the free calcium concentration, which has been shown to initiate more rapidly the uptake of Ca -t--t by microsomes (16 Since the product of a and b may represent maintenance energy rate in smooth muscle also, these values were calculated and found to be significantly reduced in acidotic trachealis ~nuscles.
Woledge (18) has suggested that an increase in the curvature of the force-velocity relation is associated with an increase in the economy but a decrease in the maintenance -energy rate of a muscle. Since we observed an increase in the curvature of the force-velocity relation in TSM (verified by a decrease in cl/P,,), it would seem likely that acidotic trachealis strips would have an increased efriciency. Therefore muscle economies were calculated using the formula P,L,/ab (9). Since the reduction in ab was much greater than the reduction in P,L,, a statistically significant increase of 201.0 Yo zt: 32.6 was calculated, suggesting that TSM attempts to compensate for its reduced maintenance energy rate by increasing the elhciency at which energy-liberating reactions occur. However, the compensation is not perfect because mechanical dysfunction still develops. Our experiments with high-K+-treated and atropineblocked trachealis muscles suggest that respiratory acidosis is affecting the muscle directly and not via membrane effects, as has been postulated.
It has been suggested that acidosis might change the excitability of the membrane (20) 
